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SYNOPSIS

Dilutions of the purified tuberculin RT 19-21 (Statens Serum-
institut, Copenhagen) have been found to be subject to unsystematic
variations in potency. Preliminary investigations suggested that
adsorption of tuberculin on to the container might be the cause.
This possibility has been further explored in a series of experiments
on guinea-pigs that is reported in the present paper.

It is demonstrated that tuberculin is, in fact, adsorbed to the
glass surface of the container: tuberculin-active eluates are obtain-
ed from ampoules previously used for tuberculin, with a buffer
eluant containing Tween 80.

Estimates indicate that a 5 TU dilution of RT 19-21 (prepared
to contain 5 TU or 0.0001 mg per 0.1 ml) loses on an average 60%
of its active substance through adsorption. The amount adsorbed
differs from one ampoule to another, and a negative correlation is
observed between the potency of the original contents of the am-
poule and the potency of the eluate obtained when the ampoule is
refilled with Tween 80 eluant.

The extent of adsorption depends on the strength of the dilution,
the temperature, and the duration and extent of contact between
dilution and container. Another observation is that shaking of the
ampoule reduces adsorption.

There are indications that the purified tuberculin RT 19-21 is
composed of at least two fractions of different adsorbability.

It is pointed out that the accuracy of tuberculin testing would be
markedly increased if adsorption from the tuberculin dilutions could
be prevented.

Adsorption of active material from diluted tuberculin is a well-known
phenomenon. Such adsorption has been described by several authors in
different connexions.

Bieling (1924) concluded from his experiments that the active principle
of Old Tuberculin (OT) is easily adsorbed on various substances (silicic
acid, kaolin and aluminium hydroxide). Dorset, Herley & Moskey (1926)
observed that tuberculin preparations, when they were filtered to remove the
bacillary bodies, seemed to lose much of their potency. They experimented
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784 H. WAALER AND OTHERS

with different adsorbents and found that many of them adsorbed tuberculin.
Boquet, Negre & Valtis (1928) reported that the activity of tuberculin
decreases if it is brought into contact with charcoal, while Parish & O'Brien
(1935) demonstrated that tuberculin is adsorbed to glass.

Other authors have experimented with adsorption as a laboratory
technique in their attempts to obtain a purified tuberculin product. Thus
Maschmann & Kiister (1930) reported that the active constituents of tuber-
culin may be separated from the carbohydrates by adsorption on kaolin.
They also found that the adsorbed constituents could be eluted with dilute
ammonia. Toda & Murata (1939) made use of the adsorption technique to
fractionate tuberculin, obtaining fractions of different chemical and biolo-
gical nature. Gozsy & Vasairhelyi (1940) carried out experiments on the
purification of tuberculin by a chromatographic technique.

Several authors have pointed to adsorption as a source of practical
difficulties. Nelson, Seibert & Long (1937), for instance, concluded from
their observations that " a certain proportion of tuberculin-positive subjects
react to the injection of physiologic solution of sodium chloride from
syringes previously used for tuberculin and then simply washed and steril-
ized ". They mention as an example of the clinical importance the following
case: " When Schick tests were made with syringes previously used for
tuberculin and cleaned by ordinary methods, falsely positive Schick tests, in
reality tuberculin reactions, were often obtained." More recently Bretey
(1955) has attributed the instability of purified tuberculin in high dilution
to adsorption to the container.

To the present authors adsorption of tuberculin became a matter of
interest when they found that dilutions of purified tuberculin were subject
to marked unsystematic variations in potency. As shown by Magnus et
al.,1 the unsystematic variations in potency-which occur between different
dilutions prepared to identical strength as well as between ampoules filled
with the same dilution-exceed in importance the changes in potency
resulting from prolonged storage at different temperatures. An assessment
of BCG-induced allergy made by WHO in India shows that these unsys-
tematic variations may seriously distort the results of tuberculin testing
(WHO Tuberculosis Research Office, 1957).

Some investigations into the cause of the unsystematic variations have
already been reported (Magnus et al., 1956). These suggested that strong
adsorption occurs when dilutions of purified tuberculin are kept in glass
ampoules and that variations in the degree of this adsorption might be
responsible for at least part of the observed instability of the dilutions.

In the present paper the results will be given of further and more ex-
tensive experiments. These provide evidence that the active substance of
tuberculin is adsorbed on to the surface of the glass ampoules and also show

1 See article on page 765 of this number of the Bulletin.
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that the adsorption varies in extent from ampoule to ampoule. Furthermore,
some light is thrown on the quantitative and qualitative aspects of this
adsorption.

Material and Methods

All experiments on adsorption of tuberculin to glass involved the com-
parison-in terms of biological potency-of tuberculin dilutions treated in
different ways; to assess the biological potency of the dilutions intradermal
testing was done in guinea-pigs.

White male guinea-pigs, which had been vaccinated with BCG within
8-10 weeks of birth when weighing 400-450 g, were used. The vaccinations
were done by injecting intradermally into the abdomen 0.1 ml of a freshly
prepared BCG vaccine (Statens Seruminstitut, Copenhagen) containing
7.5 mg (moist weight) of bacilli per ml. Most of the animals were used 6-11
weeks after vaccination; in two experiments, however, the testing was done
in animals vaccinated 6 months previously (because of a shortage of animals).

The tests were given in the skin of the back or flanks, 0.1 ml of the
appropriate dilution being injected intradermally for each test. Each
animal received 8-10 tests which were distributed randomly among the
various injection sites. The tests were read at approximately 24 hours
and the data given are based on the average of the longitudinal and transverse
diameters of induration. The dilutions to be compared were allocated to the
animals according to statistical designs which permitted adjustments to be
made for differences in tuberculin sensitivity between the animals.

The tuberculin used throughout was the purified protein derivative batch
RT 19-21 prepared at the Statens Seruminstitut, Copenhagen (0.00002 mg
of this preparation corresponds to 1 tuberculin unit-TU). For the various
experiments dilutions containing from 0.2 TU to 128 TU per 0.1 ml were
prepared, using phosphate buffer as diluent. The dilutions were kept in
brown 20-ml Jena glass ampoules (maximum capacity: 23 ml).

Note on the Experimental Design

In the following, some of the experimental conditions that have determined the choice
of design will be described.

BCG-vaccinated guinea-pigs as experimental animals
As the nature of the experiments required considerable experimental freedom in

respect of doses and products, only animals could be used. Guinea-pigs were selected as
test animals for several reasons. Their response to BCG vaccination is strong and rapid,
the post-vaccination tuberculin allergy reaching its maximum as early as 1-2 months after
vaccination. Even with relatively weak tuberculin dilutions, well-defined reactions are
obtained in the sensitized animal, and the difference in size between reactions to different
doses of tuberculin is marked.

Every effort was made to ensure that the guinea-pigs would be as uniform as possible.
The animals were taken from the same breeding farm and were kept on a standard diet.
At the time of vaccination their weights ranged from 400 g to 450 g. The degree of
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786 H. WAALER AND OTHERS

tuberculin sensitivity induced by BCG vaccination, however, varied markedly from animal
to animal even when the same batch of vaccine and the same vaccination technique were
used. The precision of a comparison between tuberculin dilutions would thus be higher
when the different dilutions were tested on the same animal than when they were tested on
different animals. It was found that as many as 10 test-sites, all on the back of the animal,
could be clearly distinguished. There was a certain tendency to a depression of the reaction
size when several injections were given to the same animal, but with the statistical designs
used this did not affect the validity of comparison between different dilutions. System-
atic variations in reaction size from site to site were not observed.
Statistical design

In designing the experiments use has been made of statistical methods developed during
the last decades which permit fairly complex problems to be studied on limited experi-
mental materials with only a moderate amount of calculation.' These methods, which are
based on the work of Fisher (1947), have been described by several authors.2

The simplest method would have been to distribute the " treatments " to be compared
(i.e., the tuberculin dilutions) among all sites on a number of animals. To obtain reason-
ably precise results with this method, however, would have required very large numbers
of animals, owing to the variation in tuberculin sensitivity between the animals used.

In the experiments where the number of treatments under comparison did not exceed
ten, all treatments were given to each animal-the complete block design (each animal
being defined as a " block ").

Frequently, however, the number of treatments exceeded ten. In such experiments,
where all treatments could not be given to each animal, incomplete block designs were
utilized. With these designs it is possible to minimize the reduction in precision resulting
from between-animal variations. In the balanced incomplete block design every pair of
treatments occurs equally often as " block-mates ", which is a prerequisite if the variance
of the difference between any two treatments is to be the same. Such designs can be
constructed for any number of treatments and any " block-size " (i.e., the number of
treatments to be given to each animal). However, when many treatments are to be
compared, an impractically large number of blocks is required.

For certain numbers of treatments the balance can be sacrificed without serious
consequences to the precision and without very much additional calculation. The un-
balanced designs allow a great number of treatments to be compared on relatively few
animals.

In experiments involving comparisons of a large number of treatments, lattice designs-
a special type of unbalanced incomplete block design-were used. With these designs a
comparison of 100 treatments, for instance, may be carried out on as few as 20 or 30
animals.

In the present experiments the lattice designs meant a great saving. Thus, about
twice as many guinea-pigs would have been needed to obtain the same amount of informa-
tion with complete random allocation of the treatments to sites and animals.

If the estimates and tests of significance made from block designs are to be valid,
certain conditions as to the distribution of treatment effects, block effects and experimental
errors must be fulfilled. To what extent these conditions were fulfilled in the present
experiments has not been systematically investigated as this would have been too compre-
hensive a task. Whenever possible, however, the validity of the estimates and the conclu-
sions drawn from them have been checked, for instance, by including "dummy com-
parisons ", whereby another independent error variance is obtained (see Fisher (1947),
section 49). Furthermore, the results are always based on repeated experiments. The
conclusions drawn are therefore unlikely to have been biased or misleading.

5 These methods were also used for the experiments reported in the articles on pages 765 and 799 of this
number of the Bulletin.

I See, for instance, Cochran, W. G. & Cox, G. M. (1950) Experimental designs, London.
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Findings

Demonstration of adsorption

If there is adsorption of tuberculin to the ampoule it should be possible-
with a suitable eluant-to elute tuberculin-active substances from ampoules
previously used for tuberculin.

In some experiments ampoules that had previously contained tuberculin
dilution were filled with ordinary buffer diluent; the diluent was then used
for intradermal testing, but failed to show any significant biological activity.
When, however, 0.2% of the detergent Tween 80 1 was added to the
buffer diluent marked activity could be demonstrated. Fig. 1 gives the
results of three experiments; in each of these 4 to 6 ampoules, which had
previously contained 20 ml of a tuberculin dilution (5 TU) were rinsed with
buffer diluent and then refilled with 5 ml of buffer diluent containing
0.2%o Tween 80. Only 5 ml was used per 20-ml ampoule so as to obtain
a more concentrated eluate. Tuberculin dilutions of different strengths
as well as pure buffer diluent-all containing 0.2 %0 Tween 80-were
used for comparison. As seen in Fig. 1, the eluate from ampoules that
had previously contained tuberculin dilution consistently gave stronger
reactions than did the pure buffer diluent-a clear indication that tuber-
culin had been adsorbed by the inner surface of these ampoules.2

The results of experiments la and lb (Fig. 1) indicate that the potency of
the eluate varied from ampoule to ampoule. This raises the question
whether the amount adsorbed from the original 5 TU dilution also varied
from one ampoule to another.

To obtain an answer to this question a series of three experiments was
carried out. In each experiment a number of 20-ml ampoules was filled with
5 TU dilution. After varying periods of storage the contents of the am-
poules were tested for potency. The ampoules were then emptied, rinsed
with 20 ml of buffer diluent and refilled with 5 ml of Tween eluant. In each
experiment a distinct negative correlation is observed between the potency
of the original contents and that of the eluate (Fig. 2): where the original
contents elicited strong reactions the eluate gave weak reactions and vice
versa. (The variation in reaction size between the experiments is largely
attributable to differences in the level of vaccination allergy between the
guinea-pigs used-thus the animals in experiment 2a, in which the weakest
reactions were obtained, had been vaccinated 6 months previously.) These
observations give further evidence that tuberculin is adsorbed to glass and
suggest that the between-ampoule variations in the potency of tuberculin
dilutions are due to differences in the degree of adsorption to the ampoule.

'Polyoxyethylene derivative of sorbitan mono-oleate (Atlas Powder Company, Wilmington, Del., USA)
2 The few drops of the original dilution that remained after the ampoules had been emptied could not

possibly have caused such relatively strong reactions since they were heavily diluted and largely removed by
the rinsing with 20 ml of buffer diluent.
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FIG. 1. MEAN SIZE OF REACTIONS TO INTRADERMAL TESTS WITH ELUATE FROM
AMPOULES PREVIOUSLY USED FOR 5 TU DILUTION * AND, FOR COMPARISON,
WITH TUBERCULIN DILUTIONS OF DIFFERENT STRENGTHS AND WITH BUFFER

DILUENT
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Further manifestations of adsorption

It seems reasonable to assume that the strength of the adsorption of
active material depends on the degree of contact between dilution and glass,
the adsorption becoming stronger with increasing contact.

Fig. 3 shows how the degree of filling of the ampoule affects the potency
of the contents. 20-ml ampoules filled with 1.5, 3.5, 8 and 20 ml of dilutions
of different strengths were allowed to stand for 24 hours, after which time
their contents were tested for activity.

FIG. 3. MEAN SIZE OF REACTIONS TO INTRADERMAL TESTS WITH TUBERCULIN
DILUTIONS OF DIFFERENT STRENGTHS, ACCORDING TO DEGREE OF FILLING OF

THE AMPOULES

VOLUME OF DILUTION- IN THE AMPOULES (ml)

Each mean is based on 6 tests. The standard deviation for each mean is 0.5 mm.

A marked reduction in potency is observed for the smaller volumes of
the three strongest dilutions. Thus the 25 TU dilution from ampoules filled
with only 1.5 ml elicits smaller reactions than the 5 TU dilution from com-
pletely filled ampoules. Similarly, the 1 TU dilution from completely filled
ampoules is found to be more potent than the 5 TU dilution from ampoules
containing only 1.5 ml.

As mentioned before, adsorbed tuberculin can be eluted with a detergent
(Tween 80). Experiments have also been carried out in which the adsorbed
active material was recovered by a mechanical procedure: shaking of the
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ampoules. Ampoules were filled with 2-ml and 23-ml portions of 5 TU
dilution (23 ml being the maximum capacity of the 20-ml ampoules). Half
of the ampoules were shaken vigorously by hand for 30 seconds immediately
before their contents were drawn up into the syringe, while the others were
moved as little as possible. The results, given in Table 1, show that in the
ampoules filled with only 2 ml of dilution part of the adsorbed tuberculin
must have been liberated by the shaking. The completely filled ampoules,
in which no internal movements of the dilution could be caused by shaking,
were included as controls. As might be expected, the potency of their
contents was not affected by shaking.

By analogy with other adsorption processes, adsorption of tuberculin to
he ampoule should after some time lead to saturation of the surface of the

TABLE1. MEAN SIZE OF REACTIONSTO INTRADERMALTESTSWITH 5TU DILUTION
FROM AMPOULES MOVED AS LITTLE AS POSSIBLE AND FROM AMPOULES SHAKEN
FOR 30 SECONDS IMMEDIATELY BEFORE USE, ACCORDING TO DEGREE OF FILLING

OF THE AMPOULES

Mean ofVolume Experiment la Experiment lb Experiment lc all experiments
ilu tio n-

in am- notnontntpoule shaken shaken shatkn shaken snaktn shaken snaktn shaken

2 ml 4.3 9.1 5.0 7.0 4.7 8.3 4.7 8.1

23 ml,
(rraxi-

capa-
city) 9.9 10.4 9.1 9.2 10.9 10.9 10.0 10.2

Each mean is based on 4 tests in experiments la and lb and on 6 tests in experiment Ic.
The standard deviation of the means is 0.5 mm in experiments la and lb and 0.8 mm in experi-

ment Ic.

TABLE 2. MEAN SIZE OF REACTIONS TO INTRADERMAL TESTS WITH I TU AND 5 TU
DILUTION FROM NEW AMPOULES AND FROM AMPOULES PREVIOUSLY USED FOR
TUBERCULIN DILUTION, ACCORDING TO DEGREE OF FILLING OF THE AMPOULES

New ampoules Previously used ampoule'c
Volume of dilution in ampoule Volume of dilution in ampoule

20 ml 2 ml 20 ml 2 ml

1 TU 7.2 5.5 9.3 6.6

5 TU 11.2 7.1 12.0 9.7

Each mean is based on 4 tests.
The standard deviation of the means Is 0.6 mm.
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ampoule. Consequently there should be less-or no-adsorption when
tuberculin dilution is kept in ampoules that have been used for tuberculin
previously. To test this hypothesis new ampoules and ampoules having
previously contained a 5 TU dilution for 2 days were filled with different
volumes of 1 TU and 5 TU dilutions. As seen in Table 2, the contents of the
ampoules that had previously contained tuberculin gave the strongest
reactions-a finding which suggests that less tuberculin was adsorbed in these
ampoules.

Quantitative aspects of adsorption

To obtain an estimate of how much active material is adsorbed from a
tuberculin dilution the potency of a dilution exposed to adsorption would
have to be compared with that of a dilution from which no adsorption has
taken place.

FIG. 4. MEAN SIZE OF REACTIONS TO INTRADERMAL TESTS WITH TUBERCULIN
DILUTIONS OF DIFFERENT STRENGTHS PREPARED WITH AND WITHOUT
TWEEN 80, ACCORDING TO DEGREE OF FILLING OF THE AMPOULES
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As shown by Magnusson et al. 1, adsorption may be prevented by using
a diluent containing 0.05 %O Tween 80; this diluent does not give rise to any
specific skin reactions when injected into guinea-pigs.2 Tuberculin dilutions
prepared with Tween 80 may thus be used as a standard of comparison when
studying the effect of adsorption. Fig. 4 gives the results of an experiment
where dilutions of RT 19-21 ranging in strength from 1 TU to 128 TU and
prepared with and without Tween 80 (0.2 %.) were compared. These
dilutions had been stored in 20-ml ampoules for about 24 hours, the ordinary
dilutions in 2-ml and 20-ml portions and the Tween dilutions in 20-mi
portions.

For all dilutions, whatever their initial concentration, an effect of the
degree of filling of the ampoule and of the addition of Tween 80 is observed.
Assuming that no adsorption takes place from dilutions prepared with
Tween 80 it can be estimated-by interpolation-from the curves in Fig. 4
that a 5 TU dilution not containing this stabilizing agent would lose on an
average 60% of its potency through adsorption. When the ampoule is filled
to only one-tenth of capacity the loss of potency in a 5 TU dilution would be
almost total. The proportion adsorbed from the stronger dilutions appears
to be only slightly lower.

The above experiment was carried out under specific conditions as
regards temperature, duration of contact with the adsorbent, etc., and the
data obtained on extent of adsorption are thus only valid under these con-
ditions. Attempts have been made to investigate the effect on adsorption of
duration of contact and different temperatures. In two experiments the
duration of contact was varied, the dilutions being kept in the ampoules for
periods ranging from 20 seconds to 21 days before being drawn up in the
syringes. Some ampoules were filled to capacity (20 ml) and some with 2 ml
of 5 TU dilution, while others were filled with 10 ml of this dilution plus
10 ml of glass fragments.

There was rapid inactivation of the dilutions in the ampoules containing
glass fragments and in those filled to one-tenth of capacity (Fig. 5). After
a few days these dilutions had lost nearly all potency, giving reactions that
were only slightly larger than those obtained with pure buffer diluent. As
regards the completely filled ampoules the data are more difficult to in-
terpret; whether the observed decrease and subsequent increase is real is
rather doubtful.

In a further experiment, ampoules filled with 20 ml and with 2 ml of 5 TU
dilution were kept for periods from 2 minutes up to 24 hours at 2-40C, 20°C,
370C, and 800C. The potency of the dilution was found to decrease with
increasing temperature, the decrease being somewhat more pronounced in the
ampoules filled with 2 ml than in those filled with 20 ml (Fig. 6). As the puri-

'See article on page 799 of this number of the Bulletin.
2Later experiments in humans have shown that addition of Tween 80 to a tuberculin dilution to some

extent changes the character of the tuberculin reactions (see article by Guld at al. on page 845).
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FIG. 5. MEAN SIZE OF REACTIONS TO INTRADERMAL TESTS WITH 5 TU DILUTION
FROM AMPOULES FILLED WITH 20 ml OF DILUTION, 2 ml OF DILUTION AND 10 ml
OF DILUTION PLUS 10 ml OF GLASS FRAGMENTS, ACCORDING TO DURATION OF

STORAGE OF THE AMPOULES

to
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Each mean is based on 9 tests. The standard deviation for each mean is 0.3 mm.

FIG. 6. MEAN SIZE OF REACTIONS TO INTRADERMAL TESTS WITH 5 TU DILUTION
FROM AMPOULES FILLED TO CAPACITY (20 ml) AND TO ONE-TENTH OF CAPACITY
(2 ml), ACCORDING TO DURATION AND TEMPERATURE OF STORAGE OF THE

AMPOULES
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fied tuberculin RT 19-21 is supposed to be very heat stable (it is heated
to 100°C for one hour during preparation), it seems likely that the loss in
potency occurring during the first hours is due to adsorption. Comparison
of the curves for the ampoules filled to one-tenth of capacity indicates that
the greater loss of potency at the higher temperatures may be due to an
acceleration of the process of adsorption.

Qualitative aspects of adsorption

As mentioned in the introduction, several authors have experimented
with adsorption as a method of purifying tuberculin, on the assumption that
the various fractions of crude tuberculin (e.g., OT) differ with respect to
adsorbability. Below, some experiments will be reported which indicate
that the purified tuberculin RT 19-21 is composed of fractions of different
adsorbability to glass.

FIG. 7. MEAN SIZE OF REACTIONS TO INTRADERMAL TESTS WITH 5 TU DILU-
TION FROM AMPOULES FILLED TO CAPACITY (20 ml) AND TO ONE-TENTH OF
CAPACITY (2 ml). COMPARISON BETWEEN 5 TU DILUTION DIRECTLY STORED
IN THE AMPOULES AND 5 TU DILUTION PREVIOUSLY EXPOSED TO ADSORPTION

BY GLASS BEADS

VOLUME OF DILUTION IN THE AMPOULES (ml)

EXPERIMENT 7o EXPERIMENT 7b

ev. for each mean: 0.3mm st dev. for each mean:04
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Three experiments were made in
which ampoules were filled-to capa-
city and to one-tenth of capacity-
with ordinary dilutions and with
dilutions that had been previously
subjected to adsorption to glass
beads. After 4 hours' storage the
potency of the dilutions was assessed.
Fig. 7 shows the decrease in potency
associated with partial filling of the
ampoules, separately for the normal
dilutions and for those previously
exposed to glass beads. In each
experiment the decrease is seen to
be steeper for the ordinary dilu-
tions than for the " pre-treated "
dilutions, when dilutions showing
approximately the same potency
in completely filled ampoules are
compared. It seems that the pre-
treated dilutions to a certain extent
had been stabilized against further
adsorption. An explanation of this
stabilization would be that the pre-
treated dilutions had lost their most
highly adsorbable tuberculin frac-
tions while exposed to the glass
beads.

The data presented in Fig. 8
also suggest that the purified prepa-
ration contains fractions of different

FIG. 8. MEAN.SIZE OF REACTIONS TO
INTRADERMALTESTS WITH ELUATE *

FROM AMPOULES PREVIOUSLY
FILLED TO CAPACITY (20 ml) AND-

TO ONE-TENTH OF CAPACITY (2 ml)
WITH 20 TU AND 2 TU DILUTIONS.
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* Each ampoule was eluted with 5 ml of buffer
diluent (with 0.2 '/oo Tween 80).

Each mean is based on 4 tests. The standard
deviation for each mean is 0.6 mm.

adsorbability. They refer to an experiment where sets of ampoules were

filled with 20 TU and 2 TU dilutions to capacity (20 ml) and to one-tenth
of capacity (2 ml). After 2 days' storage some of the ampoules in each
set were emptied and eluted with 5 ml of buffer containing 0.2 %0 Tween
80, tests being made with the eluate.

As previously shown in Fig. 4 about half of the active substance is
adsorbed in completely filled ampoules, irrespective of the original strength
of the dilution. Yet, it is seen from Fig. 8 that no more tuberculin could be
eluted from the ampoules that had previously contained 20 ml of 20 TU
dilution than from those that had previously contained 20 ml of 2 TU
dilution.

It can furthermore be estimated from Fig. 4 that the absolute amount of
tuberculin adsorbed is larger in ampoules containing 20 ml of a 20 TU
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dilution than in ampoules filled with only 2 ml of this dilution. But never-
theless it appears from Fig. 8 that as much or even more tuberculin is
eluted from the latter ampoules.

The most obvious explanation of these findings is that the adsorbed
tuberculin is not homogeneous but consists of at least two fractions of
different adsorbability.

The very low potency shown by the eluate from ampoules previously
filled with 2 ml of 2 TU dilution may be explained by the fact that these
ampoules have been in contact with only a very small amount of tuberculin.

Discussion

The experiments reported form part of an extensive investigation of the
unsystematic variations in potency shown by dilutions of the purified
tuberculin RT 19-21. It is brought out that the variations in potency-
which occur between ampoules filled with the same dilution as well as
between ampoules filled with different dilutions prepared to the same
strength-are, at least in part, caused by adsorption of active material to
the container.

It is further shown that this adsorption is influenced by such factors as
temperature, duration of contact between dilution and container, and
degree of filling of the container. However, even if these variables are
kept as constant as possible, there still occur marked variations in potency
from one ampoule to another.

Investigations made by Magnus et al.1 indicate that the practical signifi-
cance of these variations is considerable. They constitute a source of error
which, if not taken into account, may lead to serious misinterpretations
whenever differences in tuberculin allergy are under study. Elimination of
these variations, therefore, would considerably increase the accuracy of
tuberculin testing.

It should be pointed out that the ampoule-to-ampoule variations in
potency were demonstrated by intradermal testing and thus may have been
influenced by differences between the syringes used for the testing. Experi-
ments (not yet published) have revealed that adsorption also occurs in the
syringe. How much of the total adsorption takes place in the ampoule and
how much in the syringe is not known, however.

The total adsorption to glass from a 5 TU dilution (including the adsorp-
tion to the containers and pipettes during preparation, to the ampoule and
to the syringe) is estimated to average about 60% of the original content.
It is thus understandable that relatively small variations in the degree of
adsorption may cause marked variations in the potency of the dilutions used
for testing. If, for instance, a 5 TU dilution in one case loses 75 %0 of

'See article on page 765 of this number of the Bulletin.
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its active material, or 3.75 TU, through adsorption to the ampoule and the
syringe, and in another only 50%, or 2.50 TU, the potency ratio of the
dilutions at the moment of injection will be 1:2 (1.25 to 2.50 TU).

Whether other preparations of tuberculin than RT 19-21 are adversely
affected by adsorption is not known. As reported in a previous publication
(Magnus et al., 1956), however, adsorption seems to occur from other
preparations too; its extent varied with the preparation, the strongest
adsorption occurring from the three RT-preparations tested (in addition to
batch 19-21, batches 7 and 22). These differences in adsorbability between
the various products indicate that they differ in composition, containing
varying proportions of highly adsorbable and weakly adsorbable fractions.

Attempts have been made to isolate weakly adsorbed fractions of
RT 19-21 through changes in the technique of preparation. These experi-
ments (unpublished) gave inconsistent results and were rather inconclusive.
However, even if the weakly adsorbed fractions could be isolated, this
might not necessarily solve the practical problems, as such fractions might
not meet the requirements as to specificity and antigenicity.

Considerable efforts have therefore been made to find a stabilizing agent
suitable for addition to the dilution. As mentioned previously, Tween 80
in a concentration of 0.05 %. has proved capable of stabilizing dilutions of
RT 19-21 against adsorption. The results of extensive experiments with this
and other agents are reported elsewhere in this issue (see page 799).

RIISUMI2

Des variations d'activite, non systematiques, ont et mises en evidence dans les dilu-
tions de tuberculine RT 19-21 prepar6es par le Statens Seruminstitut de Copenhague.
Des etudes preliminaires avaient fait supposer que la tuberculine etait partiellement
adsorbee sur les parois du recipient. Les experiences effectuees sur les cobayes - dont il
est rendu compte dans cet article - ont montre qu'il en etait bien ainsi, et que la tubercu-
line est adsorbee sur la paroi int6rieure des ampoules. Des ampoules videes de leur contenu
en tuberculine ont ete rinc-ees et remplies d'une solution-tampon contenant 0,2 0/00 de
Tween 80. Ces eluats ont provoque de fortes reactions tuberculiniques.

Dans une autre serie d'essais, on a cherche a preciser le degre d'adsorption, en fonc-
tion du rapport entre la quantite de tuberculine introduite dans l'ampoule et la surface
du verre. Pour ce faire, on a evalue l'adsorption dans des ampoules 'a divers niveaux
de remplissage. Une forte reduction d'activite a e observee dans le cas des volumes
moindres. Des dilutions de tuberculine 25 UT en ampoules de 20 ml remplies 'a 1,5 ml
provoquent des reactions moins fortes que des dilutions i 5 UT en recipients com-
pletement remplis.

Une dilution de RT 19-21, preparee de facon qu'elle contienne 5 UT ou 0,0001 mg/0,1
ml, perd en moyenne 60% de sa substance active par adsorption, lorsque les ampoules
sont pleines. Cette proportion varie cependant d'une ampoule i l'autre. L'activite du
contenu original de l'ampoule est en raison inverse de celle de l'eluat obtenu par remplis-
sage de l'ampoule par du Tween 80.

L'adsorption semble augmenter 'a des temperatures superieures. Elle depend dans une
certaine mesure du degre de la dilution et est influencee par un facteur physique: en
agitant une ampoule partiellement remplie, on abaisse l'adsorption.
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Des dilutions de tuberculine deja fortement exposees A F'adsorption deviennent
r6fractaires a une adsorption ulterieure, ce qui indique que la tuberculine purifi&e RT 19-21
est compos6e d'au moins deux fractions diversement adsorbables.

Les cobayes vaccines au BCG se pretent tres bien a ces experiences. Leur reponse a
l'injection de BCG est rapide et forte. On obtient des r6actions nettes, meme avec des
dilutions de tuberculine relativement faibles. On peut utiliser jusqu'A dix localisations
simultanees, mais on a constate des variations importantes de sensibilite individuelle.

En 6laborant cette serie d'experiences, on a utilise des methodes statistiques mises au
point au cours des derni6res decennies, grace auxquelles on peut etudier des problemes
relativement complexes avec un materiel experimental restreint et sans calculs trop
compliques. On a appliqu6 une m6thode qui permet la comparaison simultanee de 100
dilutions sur 20-30 animaux seulement, sans prejudice de la precision, generalement
compromise dans d'autres procedes par les variations individuelles de sensibilite a la
tuberculine des animaux.
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